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Hybrid proteins of B-lactamase class A 

[0001] The present invention relates to hybrid proteins of fi-lactamase class A. 

[0002] In the state of art a plurality of scientific publications have described the 
construction of fusion proteins. In the majority of these cases, such fusion proteins 
were realised as fusions of polypeptides to the N-terminus or C-terminus of a carrier 
protein. Martineau et al. (Martineau, P., J- G. Guillet, et al. (1992). "Expression of 
heterologous peptides at two permissive sites of the MalE protein: antigenicrty and 
immunogenics of foreign B-cell and T-cell epitopes." Gene 118(1): 151; Martineau, 
P C Leclerc, et al. (1996). "Modulating the immunological properties of a linear B- 
cell epitope by Insertion into permissive sites of the MalE protein." Mol Immunol 
33(17-18): 1345-58.) have realized the insertion of a protein into permissive sites of 
the protein MalE and they have studied the immune response against the inserted 
protein. 

[0003] Several authors describe the immunisation against the enterotoxins STa 
(heat stable enterotoxin of E. coli) via constructing N-terminal or C-termanal fusion 
proteins, wherein different carrier proteins are involved, in order to obtain an immune 
response against the STa peptide, which as such is not immunogenic. The 
construction of hybrid proteins by inserting the STa peptide into a permissive site of a 
carrier protein has not yet been described in the prior art. The fS-lactamase TEM-1 
also not has been used as carrier protein for the construction of hybrid or fusion 
proteins with STa. 

f0004J The process for synthesising bifunctional proteins got underway through 
binding one protein to another by chemical means. Against the background of this 
approach, the two proteins of interest, which have different properties, are 
synthesised independently and then treated with a chemical so as to achieve the 
covalent bonding of specific chemical groups available in the proteins. The technique 
has helped to achieve progress in developing diagnosis tests and recombinant 
vaccines. However, it has several drawbacks that have prompted the scientific 
community to develop other options. One of the disadvantages of using chemical 
agents is the aspecific coupling of two target proteins, which results in a lack of 
uniformity in the way the two proteins are bad associated and oriented. This in turn 
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may inactivate one of the proteins. As a result of the binding system, protein 
complexes are formed where the stoechiometry and composition is heterogeneous. 
For example, a protein X may be associated with one, two, three or more Y proteins. 
A binding between identical molecules (dimer-multimer) is difficult to avoid, thereby 
reducing the quantity of bifunctional proteins obtained. The resulting assay 
challenges can be intuitively understood, along with the calibration stage required to 
assess the sensitivity of the product with each further coupling. 

[0005] Another challenge with the aspecific binding of the bridging agents is 
that these techniques call for large quantities of proteins in return for a reduced yield 
potential, thereby pushing up the costs of the finished product A de novo synthesis 
of bifunctional proteins in prokaryotics or eukaryotics systems offers an alternative 
way of meeting these challenges. This method involves molecular biology techniques 
providing an opportunity to modify the structure of the coding gene for the proteins in 
question. However, this technology calls for a detailed knowledge of the biochemical 
and structural properties of the polypeptides synthesised on the basis of their 
manipulated sequence of nucleotides. 

[0006] An initial de novo synthesis approach was adopted on the basis of 
fusion proteins. This involves genetically fusing coding DNA sequences for two 
proteins of interest to one or the other ends of the said genes. This fusion operation 
may apply to whole proteins, fragments of proteins or random peptides. The two 
proteins (or protein fragments) are then expressed in tandem by the producer 
organism. This technique solves the problems of difficult, insoluble, misfolding 
proteins. It also addresses issues related to chemical coupling (see above), even 
though it is not the technique by which other ones are judged in this sphere. 
Presenting a peptide to the ends of another protein means this protein is exposed to 
excessive proteolysis when the fusion protein is being produced and purified. What is 
more, the degrees of freedom of the fusion peptides are such that they seriously 
destabilise the structure of the entire fusion. The result is a total loss of biological 
activity. 

[0007] Therefore it was object of the present invention to provide functional 
proteins wherein the respective carrier protein retains its activity and also the added 
heterologous sequence still processes its function (for example as epitope, enzyme 
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etc.), wherein furthermore the added heterologous sequence is somehow exposed 
on the surface of the carrier protein which is providing the possibility that the 
heterologous sequence may interact with other molecules. Furthermore, it was the 
object of the present invention to provide the functional proteins wherein the 
additional heterologous sequence maintains its free dimensional structure. It was a 
further object that the heterologous sequence is made less susceptible to proteolysis. 

[0008] The object of the present invention is solved by a recombinant 
nucleotide acid sequence which codes upon expression for at least a part of a hybrid 
ft-lactamase class A protein, wherein the ft-lactamase class A protein is bearing at 
least one heterologous sequence in a region located between two neighbouring 
alpha helices of the fi-lactamase sequence, wherein the region is selected from: 

a) the region forming a juncture between alpha helix 8 and alpha helix 9 of the 
TEM-1 fi-lactamase; 

b) the region forming a juncture between the alpha helices of homologous 
^-lactamases class A, said alpha helices corresponding to the alpha helix 8 
and alpha helix 9 of the TEM-1 fc-lactamase. 

[0009] In a preferred embodiment the hybrid ft-lactamase is possessing an 
activity selected from 

a) hydrolysing fi-lactams; 

b) binding covalently and in a stable manner to derivatives of (Madams and 
inhibitors of ft-lactamases. 

[0010] Furthermore it is preferred that the hybrid li-lactamase retains its activity 
of hydrolysing fi-lactams at least partially. 

[0011] Detailed Description "f the Invention 

[0012] The technological advance offered by the present invention involves 
internalising the proteins or polypeptide fragments within the native structure of a 
carrier protein, a S-lactamase. This new approach provides a means of replacing the 
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internalised fragments in a 3D context close to the native situation. The constraints of 
the carrier protein imposes compel the internalised peptides to adopt a proper 
structure. This guarantees continuing biological activities in many cases The 
outcome is the creation of a bifunctional hybrid protein. The hybrid B-lactamase 
according to the invention represents a single polypeptide. The use of this hybrid 
fc-lactamase preferably is to study the interaction of the internalised homologous 
sequence with other separate molecules (for example antibodies) or to use this 
interaction of the internalised homologous sequence with other separate molecules in 
assays, either as binding interaction to be measured or as part of the test. 

[0013] The catalytic efficiency and the plasticity of the class A ^lactamases 
means they are effective candidates for constructing bifunctional proteins as a result 
of inserting sequences of exogenous peptides within the enzyme structure. 

[0014] The TEM-1 R-lartamaeo io o» i * _ . 

aw„ c wass m serine enzyme involved in 

the bacterial resistance to p-lactam based antibiotics, such as penicillin and 
cephalosporins. The mature form of the TEM-1 p-lactamase is a monomeric protein 
with 263 amino acids. Its 3D structure is hallmarked by two areas one of which is 
helice-rich and the other comprises a helices and p sheets (figure 1). 

[0015] The class A p-lactamases interact with the p-lactam based antibiotics to 
form an intermediate called acyl-enzyme where the antibiotic is covalently linked to 
the serine of the enzyme's active site (figure 2). The p-lactamases efficiently catalyse 
the deacylation stage (k3). This regenerates the active enzyme and releases a 
biologically inactive substance, where the amide linkage of the p-lactam of the 
antibiotic's nucleus is hydrolysed. In the case of the TEM-1 p-lactamase 
mutagenesis, experiments have shown that the deacylation reaction could be 
inhibited to produce a stable acyl-enzyme complex by replacing the glutamate 166 
res.dues in asparagine (6) (figure 2). This feature permits the immobilisation of TEM- 
1 p-lactamase hybrid protein on p-lactam coated matrix. 



[0016] As a result of the specificity, catalytic efficiency and plasticity of the 
TEM-1 P-lactamase, this protein is a valuable enzyme for developing new processes 
for detecting, assaying and orienting peptides and proteins used for therapeutic 
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purposes. Towards this end, chromogenic and fluorescents substrates, suicide 
inhibitors and prodrug cytoxic agents have been developed. 

[0017] Transposition and phage display experiments have shown the 
possibility of introducing or degenerating very short sequences of nucleotides (8 to 30 
nucleotides) in the coding sequence for the TEM-1 S-lactamase and using these 
mutated genes as a basis for synthesizing a constantly functional enzyme (3, 5, 14, 
15) in the context of this technology (W098/23731) phage libraries (10 10 phages) 
bearing chimeras of the TEM-1 S-lactamase, where small degenerated peptides have 
been inserted, are used to select the degenerated peptide that has an affinity for a 
given target. This is a cumbersome, painstaking and evolutionary method, as it is not 
common for a peptide having a high affinity for the target to be selected. This 
characteristic involves creating several mutagenesis stages in respect of the peptide 
and the carrier protein so as to optimise the affinity of the hybrid protein. Hence th.s 
entails creating new banks and producing new screenings. 

[0018] The idea of the present invention is not to create a chimera bank that 
theoretically covers all types of biodiversity but favours the insertion of large peptidic 
sequences present in proteins whose biochemical characteristics have already been 
clearly identified. Consequently, the present invention provides a means of 
internalising a peptidic sequence that has already been naturally optimised for a 
given property and averting (as is the case with the phage display technique) 
evolutionary mutagenesis reactions within the insert and carrier protein. With th.s 
system, the chimera banks may be restricted to a few thousand clones (or a few 
dozens) so the screening is quicker and more targeted. 

[0019] Unlike the results obtained with the various TEM-1 8-lactamase 
utilisation methods, wherein the insertion site leads to a change in the TEM-1 
enzymatic properties, this present invention marks a new departure because the 
inventors succeeded in identifying and creating, in a loop diametrically opposed to 
the active enzyme site (figure 1, site B: region Thr195 to Leu199), a region that is 
particularly favourable for internalising large exogenous sequences of peptides w.th a 
length preferably 11 or more amino acids. In this application this loop Thr195 to 
Leu199 is also referred to as the region forming the juncture between alpha helix 8 
and alpha helix 9 of the TEM-1 B-lactamase and homologous enzymes which have a 
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homologous three-dimensional structure, for example like BlaP and BlaL. The results 
show that the polypeptides internalised in the context of this loop are able to adopt a 
folding close to their native conformation, as their biological activity is retained. This 
specific feature offers new prospects for constructing and using new generations of 
hybrid bifunctional proteins where a specific and effective enzymatic activity is 
associated with the biochemical properties of another protein or a fragment of a 
protein. This special feature is the second focal point of this invention, as it is of 
crucial importance for developing the diagnosis test or the chromatography affinity 
system, because the p-lactamase activity is used to quantify the protein- 
macromolecule interaction or to immobilise the hybrid protein in an oriented way. 

[0020] As described in the patent application WO 98/23731 the TEM-1 enzyme 
was shown to be sensitive to the action of proteases during production in bacterial 
system, which reduces the output of hybrid proteins. By applying the technology 
according to the present invention also to {3-Jsctanriases thai are more resistant to 
proteases (BlaP and BlaL) further advantagous constructs have been provided. 
These BlaP and BlaL ^-lactamases are produced by Gram positive organisms for 
which suitable production tools exist. Furthermore, these bacteria are well-known in 
industry and enjoy GRAS (Generally Regarded As Save) status. In the case of BlaP 
and BlaL is was possible to show that polypeptide insertion technique could be 
transferred to other [3-lactamases of the same class and make a generally well-know 
improvement to the technology via the properties specific to these enzymes. 

[0021] In a further preferred embodiment the nucleotide sequence coding for 
the ft-Iactamase sequence is selected from: 

a) nucleotide sequence coding for the ft-lactamase TEM-1 (SEQ ID NO: 1 ; 
complementary strand); 

b) nucleotide sequence coding for the ft-lactamase BlaP (SEQ ID NO: 2); 

c) nucleotide sequence coding for the fi-lactamase BlaL (SEQ ID NO: 3); 

d) nucleotide sequences which hybridise under stringent conditions to the 
nucleotide sequences of any one of a), b) or c) or fragments thereof. It should 

be noted that the nucleotide sequence SEQ IDNO: 1 given for the ft-iactamase 
TEM-1 here is the complementary strand. 
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[0022] In a further preferred embodiment the heterologous sequence is 

partially of fully replacing the region between alpha helix 8 and alpha helix 9 or the 
region between alpha helix 9 and alpha helix 10. As described above the numbering 
of the helices refers to the TEM-1 fi-lactamase. The present invention also includes 
homologous fi-lactamases of class A, so that the identification of helix 8 and helix 9 
in those homologous enzymes has to be applied in a corresponding ammer. In case 
of the TEM-1 fi-lactamase this region is defined by the amino acid residues Thr195 - 
Leu199. 

[0023] In a further preferred embodiment the heterologous sequence has a 
length of 1 1 or more amino acid residues, preferably in the range of 1 1 to 5000 amino 
acid residues, more preferably in the range of 11 to 3000 amino acid residues, more 
preferred in the range of 11 to 2000 amino acid residues, and further preferred in the 
range of 11 to 1000, even more preferred in the range of 11 to 300, and most 
preferred in the range of 18 to 200 amino acid residues. According to the present 
invention the insertion site within the fi-lactamase class A for the homologous 
sequence is determined in that way that any sequence of any length can be inserted 
essentially without disturbing the three-dimensional structure and the activity of the fi- 
lactamase (also the so called "carrier protein"), as shown below. 

[0024] In a further preferred embodiment the hydrid fi-lactamase is a 
Afunctional protein. Since the carrier protein, the fi-lactamase moiety of the hybrid fi- 
lactamase retains its activity and also the heterologous sequence originally also has 
a kind of function (for example as an epitope) the hybrid fi-lactamase possesses two 
functions and therefore is a bifunctional protein. 

[0025] In a further preferred embodiment the heterologous sequence is related 
to a function. In particularly preferred embodiments the function of the heterologous 
sequence as such is selected from: being an epitope, being a specific binding partner 
for antibodies, being specially recognised and bound by antibodies, having a binding 
affinity to earth alkaline ions and metal ions, having enzymatic activity, being a toxin 
(for example STa heat-stable enterotoxin of E. coli), bearing a glycosylate site, 
bearing a glycosylated peptide, being a specific binding partner for any polypeptide or 
any ligand, having a binding affinity to dsDNA and ssDNA or RNA (having a binding 
affinity to nucleotide and polynucleotide). 
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[0026] Furthermore, it is particularly preferred that the heterologous sequence 
is selected from the group: STa (heat stable enterotoxin of Escherichia co//, SEQ ID 
NO: 21), protein A of Staphylococcus aureus, (SEQ ID NO: 23 and 25), protein G of 
Streptococcus pyogenes, (SEQ ID NO: 27 and 29), a linear antigenic determinant of 
the hemagglutinin of the Influenca virus (SEQ ID NO: 31), a fragment of human 
phospholipase - type If (hPLA 2 ) (SEQ ID NO: 33), LPS binding amino acid sequence 
(SEQ ID NO: 35), and nucleotide sequences which hybridise under stringent 
conditions to said nucleotide sequences or fragments thereof. 

[0027] Furthermore the present invention provides a recombinant polypeptide 
which is encoded by the recombinant nucleotide sequence as described before. The 
present invention therefore provides a recombinant polypeptide comprising at least a 
part of a R-lactamase class A protein, wherein that the ft-lactamase class A protein is 
bearing at least one heterologous sequence in a region located between two 
neighboring alpha helices of the (J-lactamase sequence, wherein the region is 
selected from. 

a) the region forming a juncture between alpha helix 8 and alpha helix 9 of the 
TEM-1 fi-lactamase; 

b) the region forming a juncture between the alpha helices, which correspond to 
the alpha helix 8 and alpha helix 9 of the TEM-1 ft-lactamase. 

[0028] The further preferred embodiments of the recombinant polypeptide is 
outlined in respect to the description of the respective nucleotide sequence 
endocding the hybrid fi-lactamase. 

[0029] Furthermore, the present invention provides the use of the recombinant 
nucleotide sequence of the recombinant polypeptide for vaccination. As described 
above the enterotoxin of Escherichia coli (STa) as such is not immunogenic. 
However, by incorporating this peptide into a B-lactamase class A protein, namely in 
a region on the surface of this carrier protein, the possibility is given to raise 
antibodies against the heterologous sequence (STa), as shown below. Therefore, it is 
also preferred to use the recombinant nucleotide sequence or the recombinant 
polypeptide of the present invention for raising antibodies against the heterologous 
sequence. A further preferred embodiment is the use of the same for epitope 
mapping for a different protein or polypeptide. For epitope mapping smaller peptides 
having for example a length of 5 to 30 amino acid residues which are covering the 
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polypeptide to be examined are used for being introduced as heterologous sequence 
in the region forming a juncture between alpha helix 8 and alpha helix 9 of the TEM-1 
fi-lactamase or homologs thereof. As result a set of hybrid ft-lactamase class A 
protein is constructed bearing (overlapping) sequences as heterologous sequence of 
the polypeptide to be examined. This set of hybrid H-iactamases differing within the 
homolgous sequence is then used for studying the epitopes of the polypeptide in 
question can be studied. 

[0030] The present invention also provides the use of the recombinant 
nucleotide sequence or the recombinant polypeptide of the present invention for 
affinity chromatography, particularly for the concentration and/or purification of 
antibodies directed against the heterologous sequence of the hybrid fi-lactamse. By 
using a mutant of the (J-lactamase class A protein (glutamate 1 66 asparagine) the 
(J-lactamase can be immobilised on a matrix which is coated with the substrate 
(ft-lactam). Since the hybrid ft-lactamase is presenting the heterologous sequence on 
its surface it is possible to concentrate and/or purify antibodies which are directed 
against this heterologous sequence, which is immobilised on for example a column 
via the (J-lactamase carrier protein, which is linked to its substrate on the matrix of the 
column. 

[0031] In a similar way it is possible to detect molecules which are binding to 
the heterologous sequence qualitatively and/or quantitatively. It is particularly 
preferred that the molecules binding to the heterologous sequence are antibodies or 
antibody fragments, polypeptides, dsDNA, ssDNA, RNA or small ligands. The 
method which may apply for the qualitative and/or quantitative detection is well 
known as ELISA. 

[0032] Furthermore the recombinant polypeptide preferably may be used in 
molecular diagnostics. For example, the protein A of Staphylococcus aureus or 
protein G of Streptococcus pyogenes of fragments thereof may be used as 
heterologous sequence incorporated into ^-lactamase A protein. This heterologous 
sequence is exposed on the surface of the carrier protein (ft-lactamase class A) and 
binds to the Fc region of antibodies. By using substrates of the (J-lactamase which 
upon cleavage show a colour change, this system can be applied for the quantitative 
and/or qualitative detection of antigens to which the antibody is directed. 
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[0033] The present invention also provides a pharmaceutical composition 
comprising a recombinant polypeptide. For example a recombinant polypeptide of the 
present invention may be used for drug-targeting. The homologous sequence which 
is incorporated into the hybrid (i-lactamase protein may be specifically selected from 
those determinants which are bound by cellular receptors (for example of cancerous 
cells or cells infected by a virus). Preferably a (therapeutically) inactive pro-drug is 
used, which is activated through cleavage by the R-lactamase moiety into an active 
drug. Then such cellular targets which are involved in a disease can be inhibited or 
destroyed. The present invention also provides the use of a recombinant polypeptide 
for the manufacture of a medicament for the preventive and/or therapeutic treatment 
of diseases selected from the group cancer, viral diseases and bacterial diseases (or 
infection diseases), autoimmune diseases and allergy. 

[0034] The present invention also provides a method for screening a 
compound for treatment, prevention and/or diagnosis of a disease which comprises 
the step of detecting the interaction between the homologous sequence of the hybrid 
(^-lactamase according to the present invention and a protein or polypeptide which 
binds to the homologous sequence in the presence of a compound to be tested. 
Preferably the compound to be tested is selected as the candidate of an effective 
medicament wherein the compound has an effect on the interaction between the 
homologous sequence inserted into the hybrid (i-lactamase and the peptide which 
binds to the homologous sequence. 

[0035] In a particularly preferred embodiment the method comprises the steps 
of: 

a) subjecting the recombinant polypeptide of the present invention and a 
polypeptide which binds to the homologous sequence to interaction with each other 
in the presence of the compound to be tested: 

b) subjecting the recombinant polypeptide of the present invention and a 
polypeptide which binds to the homologous sequence to interaction with each other 
in the absence of the compound to be tested; 

c) detecting the interactions in the steps a) and b), and 

d) comparing the interactions in the steps a) and b) to chose the compound 
having an effect on the interaction as a candidate of an effective medicament. 
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[0036] The present invention further provides a biological sensor comprising a 
recombinant polypeptide of the present invention. The term biosensor has been 
applied to devices either (1) used to monitor living systems, or (2) incorporate 
biologic or biomimetic elements. The consensus, however, is that the term should be 
reserved for use in the context of a sensor incorporating a biological element such as 
an enzyme, antibody, nucleic acid, microorganism or cell. The term "biosensor" as 
used in this patent application will be defined as: 

analytical devices incorporating a biological material or a biomimetic material 
(e.g. tissue, microorganisms, organelles, cell receptors, enzymes, antibodies, 
nucleic acids etc.), intimately associated with or integrated within a 
physicochemical transducer or transducing (micro)system, which may be 
optical, electrochemical, thermometric, piezoelectric or magnetic. 

[0037] The usual aim of a biosensor is to produce either discrete or continuous 
digital electronic signals which are proportional to a single analyte or a related group 
of analytes. 

[0038] In a preferred embodiment antibodies are immobilised on a conductive 

polymeric material. The hybrid protein carrying as homologous sequence an epitope 
which is specifically recognized and bound by the antibody is used for detecting the 
respective antibody. Upon cleavage of the substrate by the B-lactamase moiety 
protons will be generated which can be detected by potentimetric measurement. In 
an alternative embodiment the antigen is immobilised on the conductive polymeric 
material. By the use of a hybrid li-lactamase class A protein, wherein the 
heterologous sequence is binding to the Fc region of antibodies, the presence of 
antibodies directed to the immobilised antigen can be measured upon cleavage of 
the substrate and the generation of protons which again are detected by 
potentiometric measurement. 

[0039] In a bid to validate the various fields of application, several hybrid 
proteins were constructed by inserting restriction sites in the DNA sequences of the 
TEM-1 li-lactamases, BlaP and BlaL. Belonging to the class A group of fi- 
lactamases, these enzymes originate from Salmonella thyphimurium, Bacillus 
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hcheniformls and Streptomyces cacaoi respectively. The restriction sites were 
inserted In a region common to class A IJ-lactamases, so as to be able to retain ft- 
lactamase activity after large exogenous sequences have been internalised. 

[0040] Various exogenous nucleotide sequences were internalised in these 
recombinant genes. The hybrid genes produced during these operations provide a 
means of producing various bifunctional proteins, for example: 

1. A hybrid protein of the TEM-1 ^lactamase where the STa heat stable enterotoxin 
protein of Escherichia coli is internalised (TEMSTA). 

2. Hybrid proteins of the TEM-1 p-lactamase where 1 to 3 repeated domains of the 
Staphylococcus aureus protein A are internalised (TEM-PA). 

3. Hybrid proteins of the BlaP B-lactamase where 1 to 3 repeated domains of the 
Staphylococcus aureus protein A are internalised (BlaP-PA). 

4. Hybrid proteins of the TEM-1 B-lactamase where the domain/domains B1 and/or 
B2 of the protein <i of Streptococcus pyogenes are internalised (TEM-PG) 

5. Hybrid proteins of the BlaP B-lactamase where the domain/domains B1 and/or B2 
of the protein G of Streptococcus pyogenes are internalised (BlaP-PG) 

6. A hybrid protein of the BlaP p-lactamase where a linear antigenic determinant of 
the hemagglutinin of the Influenza virus is internalised (BlaP-HA) 

7. Hybrid proteins of the TEM-1 p-lactamase where fragments of human 
phospholipase - type II, hPLA 2 are internalised (TEM-PLA2). 

8. A hybrid protein of the BlaP p-lactamase where fragments of multimerised 
polypept,des comprising three amino acids repeated in tandem and presenting an 
affinity for bacterial endotoxins are internalised (BlaP-LPS). 

9. Use of the hybrid protein BlaP-PA in an electrobiochemical biosensor system. 



[004 1] Description of the figures 



Figure 1 shows the 3D structure of TEM-1 p-lactamase. A: active site of the enzyme 
B: highly tolerant position to exogenous polypeptide insertion. 

Figure 2 shows the model of P-lactamase hydrolysis of penicillin substrate. 
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Figure 3 shows the sequence of restriction cassettes internalised in TEM-1 coding 
sequence. 

Figure 4 shows the 3D structures of TEM-1 and BlaP ft-lactamases. Arrows show the 
polypeptide insertion site. 

Figure 5 shows the sequence of Smal and EcoRV restriction site introduced in BlaP 
and BlaL coding sequence, respectively. 

Figure 6 shows the fold of the TEM-1 ft-lactamase. The position of the permissive 
sites (filled square), the semi-permissive site (open square) and the non-permissive 
sites (grey square) are indicated. 

Figure 7 shows the toxicity titration curve of the hybrid proteins. 

Figure 8 shows the immunogenecity determined by ELISA for the TEM197H and 
TEM197STa. A) The presence of anti-TEM antibodies was estimated by coating 250 
ng of TEM per well. B) The presence of anti-STa antibodies was estimated by coating 
250 ng of GST-STa per well. The serum was diluted 100 fold in PBS buffer. The 
numbers below the columns of the diagram indicate different mouse individuals. 

Figure 9 shows the titration curve of the anti-TEM IgG in the serum collected at day 
56. 

Figure 10 shows the isotypic response against the carrier protein (TEM197H). The 
numbers below the columns of the diagram indicate different mouse individuals. 

Figure 11 shows the determination of the level of the anti-TEM IgG raised against 
TEM197H (1), TEM197STa (2), TEM216STa (3), TEM232STa (4)and TEM260STa 
(5). The numbers below the columns of the diagram indicate different mouse 
individuals. 

Figure 12 shows the construction of hybrid proteins of the TEM-1 fc-lactamase 
wherein ore more repeated domains of the Staphylococcus aureus protein A (figure 
13 A) are internalised. A: protein A of Staphylococcus aureus is composed of five 
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repeated domains indicated by letters E, D, A, B and C. These domains bind the 
antibody Fc region. The sequence N-terminal of the E domain is the signal sequence 
(S). The sequence at the Oterminus ist the peptidoglycan fixation domain (P). B: 
shows the structure of the E domain. Each of the repeated domains of protein A is 
organised into three a helices. C: the DNA coding for the repeated domains of protein 
A was amplified by PGR. D: the agarose gel is showing restriction analysis of 
different hybrid fj-lactamase clones bearing 1, 2 or 3 domains of protein A. E: the 
SDS-PAGE gel analysis shows the hybrid B-lactamase proteins wherein one or three 
domains of protein A have been incorporated. 

Figure 13 shows the titration curve of immobilised rabbit IgG by TEM-PA hybrid 
protein. The adsorbance is plotted against the amount of fixed rabbit IgG (ng). 

Figure 14 shows the construction of the hybrid proteins of the TEM-1 B-lactamase 
where the B1 and/or B2 domain or domains of the Streptococcus pyogenes protein G 
were internalised. A shows that protein G is composed of 2 repeated domains, called 
B1 and B2 that bind to the antibody Fc region. They confer an affinity for the 
antibodies Fc region. S is the signal peptide sequence of protein G. B shows that 
each of the 2 domains is organised with a ft-sheet and a-helices. C shows that the 
nucleotide sequence encoding for the repeated domains of the G protein were cloned 
into the TEM-1 fr-lactamase sequence. D shows an SDS-PAGE of hybrid fi- 
lactamase TEM-1 having 2 domains of protein G internalised. 

Figure 15 shows the nucleotide sequence of insertion site of BlaP p-lactamase and 
BlaP-HA hybrid protein. 

Figure 16 shows a 12% SDS-PAGE gel electrophoresis of the BlaP and BlaP-HA 
(i-lactamases after SFF partial purification of periplasmic fractions coming from E. 
coli strain transformed with pROGENO-1 BlaP(211/Smal) and pROGENO-1 BlaP- 
HA. Transformed bacteria were grown over night on rich medium at 37°C. 

Figure 17 shows a Western Biot analysis of the BlaP and BiaP-HA fc-iaciamases 
using monoclonal anti-HA antibody conjugated with peroxydase. Immunorecognised 
proteins were visualised by enhanced chemiluminescence detection. 
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Figure 18 shows the titration curve of immobilised rat IgG by BlaP-HA hybrid protein. 
The absorbance is plotted against the quantity of lgG1 of rat anti-HA in ng. 

Figure 19 shows the agarose gel where PGR amplification products of TEM-1 
(197/Smal) and some hybrid TEM-1 hPLA 2 protein were loaded. 

Figure 20 shows the primary structure of the hPLA2 on which the various fragments 
internalised in TEM-1 are underlined (1,2 and 3). 

Figure 21 shows the Potentiometric measurement of a platinum electrode where 
rabbit antibodies were immobilised on functionalised aniline by succinimidyl group 
Curve A: base line Pt/Pani/Pani-R/lgG/T emPA without substrate of the (3-lactamase. 
Curve B: The release of protons starts with the addition of the substrate 
(benzylpenicilline) and the electrode potential increases proportionally with the 
quantity of substrate. Point 1, 2,6. 10" 4 M; point 2, 2.6.10* 3 M; point 3, 2,6. 1CT 2 M; point 
4, 2,6.1(r 1 M; point 5, 5,2.10" 1 M. 

[0042] The present invention will be explained in more detail in the following 
examples, which however do not limit the scope of protection in any way. 
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EXAMPLES 

Methodology for constructing hybrid proteins 

[0043] Example 1 : Inserting unique restriction sites in the genes of the 
TEM-1, BlaP and BlaL R-lactamases so as to internalise exogenous nucleotide 
sequences. 

[0044] The coding sequence of the fJ-lactamase TEM-i which was used for 
internalising exogenous sequences of peptide initially contains a Kpnl restriction site. 
In order to broaden the range of DNA fragments to be internalised in the carrier 
protein, two types of restriction cassettes were inserted into the Kpnl site (figure 3). 
Among the new restriction sites, the Smal site produces blunt ends compatible with 
all nucleotide fragments also having blunt ends. This change provides a means of 
making out the internalisation of the random nucleotide fragments originating with a 
gene of interest or the genomic DNA of any organism. E. coli production assays have 
shown that the new TEM-1 hybrid proteins retain their B-lactamase activity after the 
restriction cassettes have been internalised. 

[0045] As figure 4 shows, the 3D structure of the BlaP p-lactamase of B. 
Hcheniformis is very close to that of TEM-1. This specific feature is shared by all 
P-lactarnases of the same class. Owing to their insensitivity to the proteases action, a 
Smal restriction site was inserted into the BlaP and BlaL coding sequences to allow 
exogenous nucleotide sequences to be internalised (figure 5). The restriction site was 
inserted in a region that was the same as the one used to internalise exogenous 
peptides in TEM-1 (figure 5). By the end of this process, is was possible to show that 
BlaP and BlaL p-lactamases retained their enzymatic activity. 

[0046] Example 2: Synthesis of hybrid proteins TEM-1 and the 
thermostable enterotoxin STa of Escherichia coli (TEM-STA) 

[0047] STa is a thermostable toxin mainly produced by enterotoxic Escherichia 
coli (E. coli) strains found either in animal as bovine or in human. STa induces severe 
and lethal diarrhoea in human and new borne calf respectively (Mainil J, 2000). The 
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thermostable enterotoxin STa is a polypeptide of 18 amino acid residues. It exhibits a 
discrete three-dimensional structure, which is stabilised by the presence of three 
disulfide bonds (Gariepy et al, 1986; Shimoniski et al. 1987). The native fold of the 
polypeptide only mediates the toxicity. 

[0048] The small size of STa does not allow its recognition by the host immune 
system and no anti-STa antibodies can be produced. Therefore, no protection of the 
host and no vertical protection (mother-foetus) are possible. 

[0049] In order to develop an immune response against STa, the 18 residues 
can be linked to a large protein (called the carrier protein). The aim is to design a set 
of hybrid protein in which the STa peptide will be inserted into the TEM-1 class A fi- 
lactamase scaffold. The different hybrid proteins will be produced in E. coli and 
purified to homogeneity. The different proteins will be injected in mice and the 
immune response toward the carrier protein and the insert will be studied. 

[0050] Results 

[0051] Example 3: Selection of permissive sites. 

[0052] When performing the present invention the STa amino acid sequence 
was introduced into eight different positions of TEM-1 . Namely, STa was placed after 
amino acid residues 37, 197, 198, 206, 216, 218, 232 and 260 of TEM-1 respectively 
(figure 6). 

[0053] Those hybrid proteins were obtained by introducing the DNA coding 
sequence for the 18 amino acid peptide STa into the gene ampR of P Br322. The 
different hybrid proteins were produced in E. coli. The production of a stable and 
active enzyme was tested as follow: / 

[0054] a) Western blot with anti-TEM antibodies were performed to verify the 
production of the hybrid. 



18 



[0055J b) Determination of the MIC (minimal inhibitory concentration) of 
ampicillin for the different E. coli strains. 

[0056] These data indicated that three different types of insertion sites could be 
defined. The sites in position 197, 198, 216 and 218 are permissive (detection of 
TEM by western blot and high MIC values). The sites in position 37, 206 and 260 are 
semi permissive (detection of TEM by western blot and low MIC values). The site in 
position 232 is a non-permissive site (no TEM-1 production and low MIC). Two 
positions were selected: The first one is the position 197, which is located on solvent 
exposed loop, and position 216 located on a buried loop. 

[0057] Example 4: Production of the different hybrid proteins. 

[0058] The hybrid proteins in which the STa sequence was inserted in position 
197 and 216 were produced in E. coii. Their corresponding genes were inserted in a 
pTAC11 vector. The hydrids TEM197STa and TEM216STa were produced at 18°C in 
LG media. The enzymes were purified in three purification steps (one QFF sephaorse 
pH 7.5, a QFF sepharose pH 6.5 and a superdex 75 molecular sieve). The 
purification yield was estimated at 2 mg/liter of culture for the two enzymes. 

[0059] The TEM197H (TEM-1 + amino acids inserted in position 197) was also 
produced in E. coli. The production was performed in a SB media. The culture was 
incubated at 18°C for 28 h. The enzyme was purified as described above. The 
purification yield was 12.6 mg/liter of culture. 

[0060] Finally, as protein control, the STa sequence was introduced at the C- 
terminal of the glutathion-S-transferase (GST). The fusion protein was purified by 
affinity chromatography. The purification yield was 30 mg/liter of culture. 

[0061] Example 5: Biological activity of TEM197 STa and TEM216STa. 

[0062] 1) Beta-lactamase activity. Table 1 shows the steady state kinetic 
parameters for the different hybrid proteins and the wild type enzyme. The data 
indicated that the catalytic efficiencies of the different hybrids are lower that the WT. 
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Nevertheless, it could be demonstrated that the insertion of the STa moiety does not 
drastically impaired the catalytic efficiency of the TEM-1 enzyme. The conclusion is 
that the fold of the TEM-1 is not strongly affected by the presence of STa. 

[0063] 2) Toxicity of the hybrid proteins. The toxicity of the hybrid proteins 
were tested by suckling mouse assay (Gianella et al. 1976). The toxicity of STa is 
due to the secretion of physiological fluid in the bladder. The mass of fluid can be 
estimated by the determination of the ratio between the weight of the bladder and the 
weight of the mouse carcasse (l/C). If l/C < 0.075, no toxic effect is detected. If 
0.075< l/C < 0.083 represent an intermediary effect of the toxin while an l/C > 0.083 
indicated an strong toxic effect. Three control reactions were made by using a 
purified STa peptide, a supernatant of E. coli which produce (B44) or not the 
enterotoxin STa. The data presented in table 2 indicated that the TEM1 97STa and 
TEM216STa yielded a toxic activity. 

[0064] 3) Titration of the STa toxicity. The suckling mouse assay was 
performed for different protein concentrations of 197STa, 216STa and GST-STa. The 
l/C values were determined in function of the hybrid protein concentration (figure 7). 
These data indicated that the toxicity of the TEM197STa and TEM21 6STa were 200 
fold lower than the native STa. Interestingly, the toxicity of the GST-STa was 2000 
fold lower compared to STa. 



[0065] Example 6: Immunization assays. 

[0066] Six groups of three-month-old BALB/c (H-2d) female mice (Dr. Collard, 
Department of Animal immunology, Centre d'Economie Rurale) were used for 
immunisation with the different purified recombinant proteins. The mice were 
immunised with 50 pg of protein diluted in 50 mM sodium phosphate pH 7.2, 0.1 M 
NaCI (PBS buffer) containing the QuilA adjuvant (Spikoside, Isotech AB, Lulea, 
Sweden). Three, six weeks and 1 6 weeks later (day 21 ,42 and 1 1 2 respectively), the 
mice were boosted with 50 pg of the same recombinant protein. At two weeks time 
intervals after the first injection (day 14) and after each boosts (day 35, 56 and 127), 
sera were collected, pooled per group of mice, and then tested for the presence of 
anti-TEM and anti-STa antibodies by ELISA (figure 8 A and B). The presence of IgG 
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anti-TEM was found in the serum collected at day 14 for TEM197STA and 
TEM216STa and at day 35 in the case of TEM197 H respectively. In addition, the IgG 
anti-Sta were produced against TEM197STa, TEM216STa and GST-STa. The 
immune response was detected in all the case after the second boost. The 
production of antibodies was always higher when the GST-STa was injected into the 
mice. 

[0067] Example 7: Titration curve of anti-Tern IgG antibodies and 
isotyping of the immune response. 

[0068] Figure 9 shows that, after the second boost, the level of anti-TEM 
antibodies in the different serum (with the exception of GST-STa) was equivalent. 
The titre was estimated to be 10000. 

[0069] The nature of the differeni antibodies produced against TEM-1 was 
characterized (figure 10). The nature of the antibodies (lgG1, lgG2, lgG2a, lgG2b, 
IgA and IgM) was determined by ELISA. The TEM-H was used for this experiment 
and the day 127 - serum of mice immunised with TEM-H was chosen. The data 
indicated clearly that the immune response yielded t a strong production of lgG1 and 
lgG2 antibodies. The IgA and IgM antibodies were poorly expressed. In addition the 
IgG2 response was further characterised. Furthermore, also the lgG2a and lgG2b 
were found. These data indicated that the presence of TEM-1 can induced both the 
Th1 and Th2 immune response. 

[0070] Example 8: Stability of the immune response versus time. 

[0071] The level of total anti-TEM IgG was measured by ELISA in serums 
collected at day 127 and 356 after the first injection. No boosts were realised after 
day 127. The results (figure 11) showed that the IgG level was always slightly higher 
in the serum day356 compared to those collected at day 127. Consequently, the 
immune response is considered to be stable for at least one year after a contact 
between the mice and the TEM ft-lactamase. 
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[0072] Example 9: Neutralization of the native STa toxicity. 

[0073] The native STa enterotoxin was incubated in presence of diluted (4 to 
32 fold) serum containing the antibodies raised against GST-STa, TEM197STa and 
TEM260STa. The solutions were incubated for 16 hours at 4*C. The residual toxicity 
of the sample was estimated by "suckling mouse assay" (table 3). 

[0074] The data indicated that the incubation of STa with the TEM197STa or 
GST-STa serum allowed a neutralisation of the biological activity of STa. 
Unfortunately, no clear data could be obtained for the TEM232STa. 
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Table 1. Kinetic parameters of the TEM1 97STa, TEM216STa, TEM197H 



and TEM 



Antibiotics 



proteins k cat (s 1 ) K M (pM) k cat /K M (pMV 1 ) 



Benzylpenicillin TEIW-1 1500 



Nitrocefin 



Cephaloridine 



197H 



197STa 



216STa 



WT 



197H 



WT 



216STa 



600 



56 



70 



930 



770 



197STa >560 



216STa N.D. 



1500 



197STa 256 



18 



65 



DELAY 



DELAY 



52 



170 



>280 



N.D. 



670 



197H >1000 >1000 



4.5 



172 



720 



80 
9 

DELAY 
DELAY 
18 
4.5 
2 
N.D. 
2.2 
1 

1.5 
0.0062 
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Table 2. Determination of the toxicity of the different hybrid proteins. 

Positive control: E. coli B44 producing STa 
Negative control: E. coli non-producer of STa 

Proteins (l/C) Toxicity"" 

197H 0.0545 ±0.001 

197STa 0.107 ±0.009 + 

216STa 0.106 ±0.011 + 

GST-STa 0.074 ± 0.006 Int 

E. coli B44 0.0925 ± 0.001 + 

E. coli 0.0525 ± 0.001 
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Table 3. Neutralisation of the STa toxicity by the mice serum containing anti- 
GST-STa, TEM197STa, TEM260STa immunoglobulins. The toxicity of the serum 
TEM197STa, TEM197H and the serum collected at day 1 was tested by suckling 
mouse assay. The l/c ratio was measured with the serum diluted 8 fold. The toxicity 
of the protein samples TEM197STa and STa was also determined. The toxicity was 
measured by the l/C ratio. The STa peptide is diluted 16 fold in PBS buffer. The 
different serum were diluted 4 fold (4x), 8 fold (8x), 16 fold (16x) and 32 fold (32x) 
respectively. A positive and a negative sign indicate that the solution yielded or not a 
toxic response respectively. 





Samples 


STa 


l/C 


Toxicit 

y 


CO 


197Sta 


/ 


0.102 


+ 


2 


/ 


STa 


0.093 


+ 


c 
o 


Serum 197STa 8x 


/ 


0.059 




o 


Serum 137H 8x 


STa 


0.073 






Serum dayl 


STa 


0.051 





Serums 



4x GST-STa 


STa 


0.060 




8x 


STa 


0.075 




16x 


STa 


0.091 


+ 


32x 


STa 


0.084 


+ 


4x 197STa 


STa 


0.063 




8x 


STa 


0.082 


+/- 


16x 


STa 


0.088 


+ 


32x 


STa 


0.094 


+ 


4x 216STa 


STa 


0.120- 


+ - 






0.054 




16x 


STa 


0.144- 


+ - 






0.074 




32x 


STa 16x 


0.101- 


+ + 






0.120 
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[0075] Conclusions: The results indicates that: 

D The TEM-1 (i-lactamase allowed the insertion of large peptide sequences 
between the helices <x8 and a9 (position 197) and also between the helices a9 
and a10 (site 216) without any major loss of activity and stability. 

2) Different hybrid proteins (TEM197STa, TEM198STa, TEM216STa, 
TEM260STa, GST-STa and TEM197H respectively) were produced and 
purified to homogeneity. 

3) The hybrid proteins TEM1 97STa and TEM21 6STa possess a rather high 
residual catalytic efficiency (kcat/KM > 2 uM-1 s-1 for nitrocefin). 

4) The different hybrid proteins exhibited a reduced toxicity compared to the 
native STa polypeptide. 

5) Both Th1 and Th2 response toward the TEM enzyme but also against STa 

could be detected. 

6) The serum raised against TEM197STa contains antibodies that allow a 
neutralisation of the biological activity of the native STa enterotoxin. 

[00761 Example 10: Construction of hybrid proteins of the TEM-1 P- 
lactamase where 1 to 3 repeated domains of the Staphylococcus aureus 
protein A are internalised (TEM-PA) 

[0077] The aim was to internalise one or more repeated domains of protein A 
in position 197 of the TEM-1 p-lactamase (197/Smal). Protein A is composed of 5 
repeated domains (fig. 12A). Each of the repeated domains of protein A is organised 
into three a helices (fig. 12B) interacting with the CH2 and CHS domains of the Fc 
part of the IgG. This link is primarily stabilised via hydrophobic interactions. Figure 12 
A, B, C. 

[0078] In order to amplify the repeated domains of protein A, two primers 
(S'-TCAGTTAACAATTTCAACAAAGAACAACAAAATGCT-S 1 , SEQ ID NO: 7; 
5'-TCGAAATTTTTTGTTGTCTTCCTCTTTTGG-3', SEQ ID NO: 8) were created 
which hybridise at the start and end of the gene encoding the proteins As domain B. 
The high similarities between the nucleotide sequences of the 5 repeated domains of 
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protein A allow the 5 domains to be amplified on the basis of the same set of primers. 
In the case of the more or less long polymerisation times, several repeated domains 
may be amplified via the same PGR fragment (fig. 12C). The latter feature allows a 
bank of nucleotidic sequences to be obtained where the five repeated domains of 
protein A are coded separately or in association with each others. In order to provide 
a highest degree of freedom for the correct folding of the domain internalised in the 
(3-lactamase and in a way that reduces the effect of its steric constraints on the 
carrier protein (TEM-1), two amino acid residues were added on either side of the 
fragment. Ser Val for the N-terminal part and Phe Arg for the C-terminal end. It is 
important to stress that these primers are designed so as to amplify a fragment that 
preserved the reading frame of TEM-1 and of the repeated domains of protein A 
during the internalisation reaction. 

[0079] The structural gene of the protein A, originates from a Staphylococcus 
aureus strain isolated at the Centre for Protein Engineering, was amplified by PGR 
with the following primers: 5'-CATATGAAAAAGAAAAACATTTATTCAATTCGT-3 , 
SEQ ID NO: 9; 5'- GGATCCTTATAGTTCGCGACGACGTCCAGCTAA-3 , SEQ ID 
NO: 10; and in the following conditions: 95°C-180 sec, 95°C-30 sec, 55°C-60 sec, 
72°C-120 sec 30 cycles, mixture of Taq polymerase/Pfu polymerase and cloned into 
the pGEM-T-easy plasmid. 

[0080] The repeated domains of protein A (180-pb) were amplified by PGR 
(95°C-180 sec, 95°C-30 sec, 60°C-60 sec, 72°C-60 sec 35 cycles; mixture of Taq 
polymerase/Pfu polymerase) on the entire gene. An analysis of the amplification 
product for the repeated domains of protein A shows a ladder profile where the size 
of the amplified fragments is a multiple of 180-pb (fig. 12C). The PCR product was 
purified from an agarose gel, bunt ended by the action of the Pfu polymerase then 
dephosphorylated by Calf intestine phosphatase. The library of protein A PCR 
fragments was shotgun cloned in the TEM-1 R-iactamase gene that was cloned 
beforehand in the expression construct pROGENO-1 and digested by Smal. The 
pROGENO-1 plasmid allows for a high constitutive expression of the recombinant 
p-iaciamases in E. coiL in this piasmid, a unique restriction site recognised by the 
Smal enzyme is present in position 197 of the TEM-1 p~lactamase. After 
transformation, the bacteria were selected via LB agar plate + Spectinomycin (100 
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ug/ml final) and cephaloridin (50 ug/ml). The cephaloridin is an antibiotic with a p- 
lactam ring hydrolysed by the TEM-1 wild-type and recombinant protein. 

[0081] After plate selection, a colony PCR reaction analysis was performed to 
controled the size of the TEM-1 gene. Towards this end, primers outcrossing 
upstream and downstream from the coding sequence of the mature form of TEM-1 
(S'-cgggagctcaggctcacccagaaacgctggtg-S 1 ; 5'-cgggaattctcaccaatgcttaatcagtgaggcacc 
(SEQ ID NO 11 and SEQ ID NO:12); 95*C-180 sec; 95°C-30 sec, 65°C-60 sec, 
72°C-90 sec 35 cycles, mixture of Tag polymerase/pfu polymerase) were used. In a 
population of 30 clones, all of them were bigger than the encoding TEM-1 gene. On 
the agarose gel shown in figure 12D, the PCR fragments coding for the TEM-PA 
hybrid proteins have been loaded, where 1 to 3 repeated domains of the protein A 
were internalised. 

[0082] The productions of the various TEM-PA hybrid proteins were achieved 
in the E. coli JM109 strain. After a 24-hours fermentation at 37°C in a rich medium, 
TEM-PA hybrid proteins were overproduced in the periplasm of the bacteria. 
However the SDS-PAGE gel analysis shows that the hybrid proteins are partly 
proteolysed during their biosynthesis. The hybrid proteins were then affinity 
chromatography purified on IgG-sepharose (fig. 12E) until homogeneity was reached. 
This showed that the domains of the protein A internalised in TEM-1 retained their 
affinity for the antibodies Fc region. Hydrolysis tests on the chromogenic substrate 
nitrocefin (red cephalosporin, antibiotic with a B-lactam ring) reveal that the hybrid 
proteins also retain B-lactamase activity after purification. 

[0083] In order to check if the TEM-PA chimeras can be used to quantify the 
antibodies, ELISAs were developed in which increasing levels of rabbit IgG were 
immobilised on a polystyrene microplate by alkaline pH absorption (Na 2 C0 3 1.59 g/l, 
NaHC0 3 2.93 g/l, pH 9.6). After saturation (PO4 50 mM, NaCI 150 mM, Tween-20 
0.05%, Non-fat dried Milk 3%, P H7.5), a fixed amount of TEM-PA hybrid protein was 
added (PO4 50 mM, NaC1 150 mM, Tween-20 0.05%, Non-fat dried Milk 1%, pH 7.5) 
where one repeated domain of the protein A was internalised. After washing (3X - 
PO4 50 mM, NaCI 150 mM, Tween-20 0.05%, Non-fat dried Milk 1%, pH 7.5; 1x - 
P0 4 " 50 mM, NaCI 150 mM, pH 7.5), red cephalosporin (100 uM) was added. In this 
test, the B-lactamase activity gave rise to a red colour which was followed at 482 nm. 
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Figure 13 shows the possibility of detecting between 10 and 100 ng of rabbit IgG 
after a 1h development. The sensitivity of this test should be further increased by 
using a chimera protein containing several repeated domains of the protein A. 

[0084] Example 11 Construction of the hybrid proteins of the BlaP p- 
lactamase where 1 to 3 repeated domains of Staphylococcus aureus protein A 
are internalised (BlaP-PA). 

[0085] The BlaP-PA chimerical partner were constructed and purified 
according to the same procedure described in example 10 for the TEM-1 (3- 
lactamase. The BlaP ft-lactamase is used as carrier of peptide fragment and the 
exogenous peptides are internalised at the site 211 (211/Smal). The resulting hybrid 
R-lactamase retains its activity and also the internalised protein A is functional. 

[0086] Example 12 Construction of the hybrid proteins of the TEM-1 p- 
lactamase where the B1 and/or B2 domain or domains of the Streptococcus 
pyogenes protein G are internalised (TEM-PG). 

[0087] The aim was to internalise one or more repeated domains of the protein 
G in position 197 of the TEM-1 0-lactamase (197/Smal). The protein G is composed 
of 2 repeated domains, called B1 and B2. They confer an affinity for the antibodies Fc 
region (fig. 14A). Each of the two domains is organised with a (3 sheet and a a helices 
(fig. 14B) interacting with the CH2 and CH3 domains of the Fc region of the IgG. 

[0088] The methodology used to construct TEM-PG hybrid proteins is exactly 
the same as the one described in example 10 for TEM-PA, apart from the following 
observations: 

[0089] The primers used are: 

5 , -GGCTGTACTTACAAATTAATCCTTAATGGTAAAACATTG-3 , (SEQ ID NO: 13) 
and S'-CTCTCTTTCAGTTACCGTAAAGGTCTTAGTCGC-S' (SEQ ID NO: 14). The 
structural gene used as a matrix during the PGR originates from the genomic DNA of 
Streptococcus pyogenes strain isolated at the Centre for Protein Engineering. In 
order to reduce the steric constraints the following amino acid residues were added 
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on either side of the fragment. Gly Cys for the N-terminal part and Arg Glu for the C- 
terminal end. 

[0090] At the end of the screening stages, TEM-1 p-lactamases was isolated 
where 1 or 2 repeated domains of the protein G were internalised (fig. 14C). The 
affinity of the TEM-PG chimera proteins for the IgG immobilised on the sepharose 
column shows that the internalised domains of proteins G are always functional (fig. 
14E). Hydrolysis tests on the chromogenic substrate nitrocef.n (antibiotic with a B- 
lactam nucleus) show that the TEM-PG chimeras purified on IgG-sepharose retain 
the p-lactamase activity. The tests showed that the internalised domains of protein G 
were functional. 

[0091] Example 13 Construction of the hybrid proteins of the BlaP p- 
lactamase where the B1 and/or B2 domain or domains of the Streptococcus 
pyogenes protein G are internalised (BlaP-PG). 

[0092] The BlaP-PG chimera proteins were constructed and purified according 
to the same procedure as the one described in example 11 and 12. The BlaP p- 
lactamase (211/Smal) was used as a earner protein. The chimeras purified on IgG- 
sepharose retain the p-lactamase activity. The tests also showed that the internalised 
domains of protein G were functional. 

[0093] Example 14 Construction of the hybrid proteins of the BlaP p- 
lactamase where a linear epitope of the Influenza virus hemagglutinin is 
internalised (BlaP-HA) 

[0094] In order to create this hybrid protein, complementary primers 
(S'-AGGTTTTATCCATACGACGTCCCGGACTACGCCACAACT-a' SEQ ID NO: 15, 
5'-AGTTGTGGCGTAGTCCGGGACGTCGTATGGATAAAACCT-3' SEQ ID NO: 16) 
were created that code for a linear epitope (HA) of the Influenza virus hemagglutinin 
(YPYDVPDYA). Here and there on the coding region for the epitope, two codons 
which code for Arg Phe and Thr Thr amino acids were added at the beginning and at 
the end of epitope, respectively. In this experiment, the polypeptide internalised in 
BlaP comprises 15 amino acids 4 of which are used for steric constraints (fig. 15). 
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[0095] The two primers were hybridised and inserted into the BlaP gene 
(211/Smal) which was cloned beforehand in the pROGENO-1 expression vector and 
digested by Sma\. After transformation, the bacteria were selected on LB agar plate + 
Spectinomycin (100 pg/ml final) and cephaloridin (50 ug/ml). At the end of the 
screening stage, BlaP ft-lactamases were isolated where the epitope HA was 
internalised. The BlaP-HA hybrid protein was then overproduced in E. coli as a result 
of the pROGENO-1 expression vector. After extracting the periplasms fraction by 
cold osmotic shock, the BlaP-HA chimera was partly purified on S-sepharose Fast 
Flow (SFF) in sodium acetate buffer (20 mM, pH 4.5) and eluted with a NaCI 
gradient. The SDS-PAGE gel featured in figure 16 shows the BlaP and BlaP-HA 
hybrid protein after SFF purification. 

[0096] The antigenicity of the HA epitope internalised in BlaP was controlled by 
a Western Blot reaction using a specific monoclonal antibody of this hemagglutinin's 

epitope (rat anti-HA lgG1, 3F10. RocheV 

-'■ - — ~»«wwo uiai u ib inunocionai anti- 

HA antibody recognised the denatured BlaP-HA chimera and no cross-reaction with 

wild-type BlaP was detected. 

[0097] The aforementioned Western Blot experiment shows that the HA 
epitope is recognised when the BlaP-HA chimera protein is denatured. In order to 
check that the anti-HA antibody also recognises the HA epitope when it is 
internalised in an non-denatured BlaP form an ELISA reaction was performed in 
which increasing quantities of rat anti-HA lgG1 were immobilised (not linked to the 
peroxydase, 3C10, Roche) (Na 2 C0 3 1.59 g/l, NaHC0 3 2.93 g/l, pH 9 6) After 
saturation (Tris 50 mM, NaCI 0.5 M, Tween-20 0.05%, Non-fat dried Milk 1% P H7 6) 
a fixed amount of BlaP-HA chimera protein was added (Tris 50 mM, NaCI 150 mM* 
Txeen-20 0.05%, Non-fat dried Milk 1%, pH 7.6). After washing (3x - Tris 50 mM' 
NaCI 0.5 M, Tween-20 0.05%, Non-fat dried Milk 1%, pH 7.6; 1x - Tris 50 mM, NaCI 
0.5 M, pH 7.6), red cephalosporin (100 uM) was added. Figure 18 shows the 
possibility of detecting between 10 and 100 ng of rat anti-HA lgG1 after 1h of 
development. This demonstrates that fc-lactamase activity can be used to quantify 
interaction between antibody and antigen/epitope fragment. 
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[0098] Example 15 Construction of the hybrid proteins of the TEM-1 fi- 
lactamase where fragments of human phospholipase - type II, hPLA 2 are 
internalised (TEM-PLA2) 

[0099] In order to internalise random fragments of the human phospholipase - 
type II gene, hPLA 2 in the TEM-1 li-lactamase, the hPLA 2 gene was amplified by 
PCR. The PCR reaction was applied with the following primer: 
5'-CTCGAGAAAAGAAATTTGGTGAATTTCCAC-3' (SEQ ID NO: 17) and 
5'-GCAACGTGGAGTGCTCCCTCTGCAGTGTTT-3' (SEQ ID NO: 18) (95°C-180 sec; 
95°C-30 sec, 65°C-60 sec, 72°C-60 sec 35 cycles, mixture of Taq polymerase/Pfu 
polymerase). After purification, the PCR product was digested with DNAse so as to 
produce DNA fragments between 50 and 430 bp. This stage may be replaced by a 
nebulisation reaction. The DNA fragments were then purified, blund ended by the 
action of the Pfu polymerase then dephosphorylated by Calf intestine phosphatase 
and shotgun cloned in the TEM-1 fc-lactamase carried by the expression vector 
pROGENO-1. At the end of the screening stages, several TEM-1 fc-lactamases 
chimeras were isolated where fragments of varying sizes originated from the hPLA 2 
gene were internalised (figure 19). In the case of three of them, sequencing reaction 
was applied in order to identify the hPLA 2 regions which were internalised (figure 20). 
In the case of the first chimera, the N-terminal domain of the hPLA 2 (residues 1 to 45) 
had been internalised. This peptide fragment contains the calcium binding site and 
some residues of the active site. In the second chimera, an internal fragment of the 
hPLA 2 (residues 40 to 66), covering the residues of the active site were internalised. 
In the third chimera, all the hPLA 2 protein, except for the 20 last residues, were 
internalised (figure 20). It is important to stress that the li-lactamase activity is 
retained for each one of the chimera selected. Trials involving the binding of calcium 
and measuring phospholipase activity were successful. 

[00100] Example 16 Construction of a hybrid protein of the BlaP p- 
lactamase where fragments of multimerised polypeptides comprising three 
amino acids repeated in tandem and presenting an affinity for bacterial 
endotoxins are internalised (BlaP-LPS) 

[00101] In order to construct a new LPS-binding peptide, first of all two 
complementary primers corresponding to the LPS-binding amino acid sequence (Pro 



32 



He He Lys Leu Leu Lys Leu Leu Lys Leu Leu Arg Arg Lys Leu Leu Lys Leu Leu Lys 
Leu Leu Pro Asp Gin Glu Phe Lys Gin ) were hybridised. Primer sequence- 5'- 

CCGATCATCAAACTTCTCAAGCTGCTTAAACTCCTGCGCCGGAAACTTCTCAAG 
CTGCTTAAACTCCTG CCG G ATCAG G AGTTTAAG C AG-3' and 5 - 

CTGCTTAAACTCCTGATCCGGCAGGAGTTTAAGCAGCTTGAGAAGTTTCCGGCG 
CAGGAGTTTAAGCAGCTTGAGAAGTTTGATGATCGG-3'. Hybridisation is achieved 
by heat denaturation followed by a slow cooling stage. Double stranded 
oligonucleotide was inserted in the gene of the BlaP ft-lactamase that was cloned 
beforehand in the expression vector pROGENO-1 and digested by Smal After 
transformation, the bacteria were selected on LB agar plate + Spectinomycin (100 
ug/ml final) and cephaloridin (50 pg/ml). At the end of the screening stages BlaP 6- 
lactamases were isolated where LPS-binding domain was internalised. The affinity of 
the BlaP-LPS chimera proteins for LPS is now being characterised. Hydrolysis tests 
on the chromogenic substrate nitrocefin reveal that the BlaP-LPS chimeras also 
retain 3-lactamase activity. 

[00102] Example 17 Exploitation of the hybrid protein TEM-PA in 
electrobiochemical biosensor system 

[00103] The term biosensor has been applied to devices either used to monitor 
living systems, or to incorporate biologic or biomimetic elements. Here in this 
application a "biosensor" is used in the context of a sensor incorporating a biological 
element such as an enzyme, antibody, nucleic acid, microorganism or cell. 

[00104] The usual aim of a biosensor is to produce either discrete or continuous 
digital electronic signals which are proportional to a single analyte or a related group 
of analytes. 

[00105] Experimental procedure: A polyaniline (Pani) film is electropolymerised 
on a platinum foil (1 x 0.5 cm) on the basis of a 1 M HCI0 4 solution containing 0.1 M 
aniline, by potential sweeps between -0.2 and 0.8 V/SCE to 20 mV/s. The Pani film is 
functionalised in an electrochemical bath containing a 1 M HCI0 4 solution, 0 05M in 
3-aminophenol and 0.05 M aniline with potential sweeps between -0.2 and 0.8 V/SCE 
to 20 mV/s. The film is then immersed in an acetonitrile solution (4 ml) containing 0 2 
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ml of triethylamine, 0.04 g of disuccinimidyl carbonate and 0.01 g of 
dimethylaminopyridine (DMAP) for one night at ambient temperature. 

[00106] The rabbit antibodies (IgG) are immobilised on the functionalised film for 
one night in a pH=8 phosphate buffer and 300 pi of a 4mg/ml IgG solution. The IgG 
assay is achieved as follows: 50 pi of a solution of the TEM-PA hybrid protein 
(1pg/pl) are deposited on the electrode (Pt/Pani/Pani-R/IgG) for 15 min, the electrode 
is rinsed by 3 x 5 ml pH=8 phosphate buffer. The potentiometric measurement is 
achieved in a simple compartment cell containing 4.5 ml 0.1 M NaCI solution and a 
calomel reference electrode (SCE). The working electrode and reference are 
connected to a multimeter and all the potential values are collected every 30 seconds 
(fig. 21). Benzylpenicillin is added every minute so that each addition produces a 
substrate concentration in the bath ranging from 2.6.10- 4 M to 2.6.10' 1 M. 
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@ 

A recombinant nucleotide sequence which codes upon expression for at 
least a part of a hybrid fi-lactamase class A protein, characterized in that 
the fi-lactamase class A protein is bearing at least one heterologous 
sequence in a region located between two neighboring alpha helices of the 
fi-lactamase sequence, wherein the region is selected from: 

a) the region forming a juncture between alpha helix 8 and alpha helix 9 of 
the TEM-1 (J-lactamase; 

b) the region forming a juncture between the alpha helices of homologous 
li-lactamases class A, said alpha helices corresponding to the alpha helix 8 
and alpha helix 9 of the TEM-1 fi-lactamase. 

The recombinant nucleotide sequence according to claim 1, wherein the 
hybrid fi-lactamase is possessing an activity selected from 

a) hydrolysing li-lactams; 

b) binding covalently and in a stable manner to derivatives of li-lactams 
and inhibitors. 

The recombinant nucleotide sequence according to claim 1 or 2, wherein 
the hybrid fi-lactamase retains its activity of hydrolysing fi-lactams at least 
partially. 

The recombinant nucleotide sequence according to any one of claims 1 to 

3, wherein the three-dimensional structure of the li-lactamase portion of the 
hybrid fi-lactamase is homologue to the three-dimensional structure of the 
TEM-1 fi-lactamase. 

The recombinant nucleotide sequence according to any one of claims 1 to 

4, wherein the nucleotide sequence coding for the fi-lactamase sequence is 
selected from: 

a) nucleotide sequence coding for the fi-lactamase TEM-1 (SEQ ID NO: 1 ) 
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s 6. 



b) nucleotide sequence coding for the /^-lactamase BlaP (SEQ ID NO: 2); 

c) nucleotide sequence coding for the R-lactamase BlaL (SEQ ID NO: 3); 

d) nucleotide sequences which hybridise under stringent conditions to the 
nucleotide sequences of any one of a), b) or c) or fragments thereof. 

The recombinant nucleotide sequence according to any one of claims 1 to 
5, wherein the heterologous sequence is partially or fully replacing the 
region between alpha helix 8 and alpha helix 9 or the region between alpha 
helix 9 and alpha helix 10. 



10 



15 



8. 



9. 

20 



10. 
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The recombinant nucleotide sequence according to any one of claims 1 to 
6, wherein the heterologous sequence has a length of 11 or more amino 
acid residues, (preferably in the range of 11 to 5000 amino acid residues 
more preferably in the range of 11 to 3000 amino acid residues, more 

preferred in the range of 11 to 2000 amino anM r e «HM« * 

' ~~'v*~.v^, iuiu iw fw/f eft?/ rt^u 

in the range of 11 to 1000, even more preferred in the range of 11 to 300, 
most preferred in the range of 1 8 to 200 amino acid residues). 

The recombinant nucleotide sequence according to any one of claims 1 to 
4, wherein the hybrid R-lactamase is a bifunctional protein. 

The recombinant nucleotide sequence according to any one of claims 1 to 

8, wherein the heterologous sequence is related to a function. 

The recombinant nucleotide sequence according to any one of claims 1 to 

9, wherein the function of the heterologous sequence as such is selected 
from: being an epitope, being a specific binding partner for antibodies, being 
specifically recognized and bound by antibodies, having a binding affinity to 
earth alkali and metal ions, having enzymatic activity, being a toxin (STa 
heat-stable enterotoxin of E. coli), bearing a glycosylation site, bearing a 
glycosylated peptide, being a specific binding partner for any polypeptide or 
any ligand, having a binding affinity to dsDNA and ssDNA or RNA (having a 
binding affinity to nucleotide and polynucleotide). 
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The recombinant nucleotide sequence according to any one of claims 1 to 
10, wherein the heterologous sequence is selected from the group: STa 
(heat stable enterotoxin of Escherichia coli, SEQ ID NO: 21), protein A of 
Staphylococcus aureus, (SEQ ID NO: 23 and 25), protein G of 
Streptococcus pyogenes, (SEQ ID NO: 27 and 29), a linear antigenic 
determinant of the hemagglutinin of the Influenca virus (SEQ ID NO: 31), a 
fragment of human phospholipase - type II (hPLA 2 ) (SEQ ID NO: 33), LPS 
binding amino acid sequence (SEQ ID NO: 35), and nucleotide sequences 
which hybridise under stringent conditions to said nucleotide sequences or 
fragments thereof. 

A recombinant polypeptide which is encoded by the recombinant nucleotide 
sequence according to any one of claims 1 to 1 1 . 

A recombinant polypeptide comprising at least a part of a li-lactamase class 
A protein, characterized in that the fi-lactamase class A protein is bearing 
at least one heterologous sequence in a region located between two 
neighboring alpha helices of the (1-lactamase sequence, wherein the region 
is selected from: 

a) the region forming a juncture between alpha helix 8 and alpha helix 9 of 
theTEM-1 B-lactamase; 

b) the region forming a juncture between the alpha helices of homologous 
fi-lactamases class A, said alpha helices corresponding to the alpha helix 8 
and alpha helix 9 of the TEM-1 fi-lactamase. 

The recombinant polypeptide according to claim 13, wherein the hybrid 
li-lactamase is possessing an activity selected from 

a) hydrolysing IJ-lactams; 

b) binding covalently and in a stable manner to derivatives of fi-lactams 
and inhibitors. 
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The recombinant polypeptide according to claim 13 or 14, wherein the 
hybrid ft-lactamase retains its activity of hydrolysing ft-lactams at least 
partially. 

The recombinant polypeptide according to any one of claims 13 to 15, 
wherein the three-dimensional structure of the fc-lactamase portion of the 
hybrid IJ-lactamase is homologue to the three-dimensional structure of the 
TEM-1 ft-lactamase. 

The recombinant polypeptide according to any one of claims 13 to 16, 
wherein the ft-lactamase sequence is selected from: 

a) fc-lactamase TEM-1 (SEQ ID NO: 4) 

b) ft-lactamase BlaP (SEQ ID NO: 5); 

c) B-lactamase BlaL (SEQ ID NO: 6). 



18. The recombinant polypeptide according to any one of claims 13 to 17, 
wherein the heterologous sequence is partially or fully replacing the region 
between alpha helix 8 and alpha helix 9 or the region between alpha helix 9 
and alpha helix 10. 



io 17. 



20 19. 
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The recombinant polypeptide according to any one of claims 13 to 18, 
wherein the heterologous sequence has a length of 11 or more amino acid 
residues, (preferably in the range of 11 to 5000 amino acid residues, more 
preferably in the range of 1 1 to 3000 amino acid residues, more preferred in 
the range of 1 1 to 2000 amino acid residues, further preferred in the range 
of 1 1 to 1000, even more preferred in the range of 1 1 to 300, most preferred 
in the range of 18 to 200 amino acid residues). 



20. 

30 



The recombinant polypeptide according to any one of claims 13 to 19, 
wherein the hybrid fc-lactamase is a Afunctional protein. 
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21. The recombinant polypeptide according to any one of claims 13 to 20, 
wherein the heterologous sequence is related to a function. 

22. The recombinant polypeptide according to any one of claims 13 to 21, 
wherein the function of the heterologous sequence as such is selected 
from: being an epitope, being a specific binding partner for antibodies, being 
specifically recognized and bound by antibodies, having a binding affinity to 
earth alkali ions and metal ions, having enzymatic activity, being a toxin 
(STa heat-stable enterotoxin of E. coli), bearing a glycosylation site, bearing 
a glycosylated peptide, being a specific binding partner for any polypeptide 
or any small ligand, having a binding affinity to dsDNA and ssDNA or RNA 
(having a binding affinity to nucleotide and polynucleotide). 

23. The recombinant polypeptide according to any one of claims 13 to 22, 
wherein the heterologous sequence is selected from the group: STa (heat 
stable enterotoxin of Escherichia coli) (SEQ ID NO: 22), protein A of 
Staphylococcus aureus (SEQ ID NO: 24 and 26), protein G of 
Streptococcus pyogenes (SEQ ID NO: 28 and 30), a linear antigenic 
determinant of the hemagglutinin of the Influenca virus (SEQ ID NO: 32), a 
fragment of human phospholipase - type II (hPLA 2 ) (SEQ ID NO: 34), LPS 
ao binding amino acid sequence (SEQ ID NO: 36). 

24. Use of the recombinant nucleotide sequence of claims 1 to 11 or the 
recombinant polypeptide of any one of claims 12 to 23 for vaccination. 

25. Use of the recombinant nucleotide sequence of claims 1 to 11 or the 
recombinant polypeptide of any one of claims 1 2 to 23 for raising antibodies 

25 against the heterologous sequence. 

26. Use of the recombinant nucleotide sequence of claims 1 to 11 or the 
recombinant polypeptide of any one of claims 1 2 to 23 for epitope mapping. 
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27. Use of the recombinant nucleotide sequence of claims 1 to 11 or the 
recombinant polypeptide of any one of claims 12 to 23 for affinity 
chromatography. 

28. Use of the recombinant nucleotide sequence of claims 1 to 11 or the 
recombinant polypeptide of any one of claims 12 to 23 for the concentration 
and/or purification of antibodies directed against the heterologous 
sequence. 

29. Use of the recombinant nucleotide sequence of claims 1 to 11 or the 
recombinant polypeptide of any one of claims 12 to 23 for the qualitative 
and/or quantitative detection of molecules binding to the heterologous 
sequence. 



3u. 



31. 



32. 



Use of according to claim 29, wherein the molecules binding to the 
heterologous sequence are antibodies or antibody fragments, polypeptides, 
dsDNA, ssDNA, RNA or small ligands. 

Pharmaceutical compositions comprising a recombinant polypeptide of any 
one of claims 12 to 23. 

Use of a recombinant polypeptide of any one of claims 12 to 23 for the 
manufacture of a medicament for the preventive and/or therapeutic 
treatment of diseases selected from the group cancer, viral diseases and 
bacterial diseases (or infection diseases), autoimmune diseases and 
allergy. 



33. The use of a recombinant polypeptide of any one of claims 12 to 23 for the 
development of a medicament 

34. A method for screening a compound for treatment, prevention and/or 
diagnosis of a disease which comprises the step of detecting interaction 
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between the homologous sequence of the hybrid R-lactamase according to 
claims 12 to 23 and a protein or polypeptide which binds to the homologous 
sequence in presence of a compound to be tested. 

s 35. The method according to claim 34, wherein the compound tested is 
selected as a candidate of an effective medicament when the compound 
has an effect on the interaction between the homologous sequence and the 
polypeptide which binds to the homologous sequence, 

io 36. The method according to claims 34 or 35, which comprises the steps of: 

a) subjecting the recombinant polypeptide of any one of claims 12 to 23 
and a polypeptide which binds to the homologous sequence to interaction 
with each other in the presence of the compound to be tested; 

b) subjecting the recombinant polypeptide of any one of claims 12 to 23 
15 and a polypeptide which binds to the homologous sequence to interaction 

with each other in the absence of the compound to be tested; 

c) detecting the interactions in the steps a) and b), and 

d) comparing the interactions in the steps a) and b) to chose the 
compound having an effect on the interaction as a candidate of an effective 

20 medicament. 

37. A biologic sensor comprising a recombinant polypeptide of any one of 
claims 12 to 23. 

38. The biologic sensor according to claim 33, wherein the biologic sensor is 
comprising a carrier bearing a recombinant polypeptide of any one of claims 

as 12 to 23. 
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Abstract 



The present invention refers to a recombinant nucleotide sequence which codes 
upon expression for at least a part of a hybrid (J-Iactamase class A protein, 
wherein in that the fJ-lactamase class A protein is bearing at least one 
heterologous sequence in a region located between two neighboring alpha helices 
of the fl-lactamase sequence, wherein the region is selected from: 

a) the region forming a juncture between alpha helix 8 and alpha helix 9 of the 
TEM-1 fi-lactamase; 

b) the region forming a juncture between the alpha helices of homologous 
fi-lactamases class A, which correspond to the alpha helix 8 and alpha helix 9 of 
the TEM-1 (i-lactamase. 
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Fig. 4 
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Fig. 6 
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Fig. 7 
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Fig. 8A 
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Fig. 8B 
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Fig. 11 
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Fig. 12 A, B, C 
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Fig. 12 D, E 
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Figure 14 A B C E 
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Fig. 16 
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<140> 
10 <141> 

<160> 36 

<170> Patentln Ver. 2.1 

15 

<210> 1 
<211> 858 
<212> DNA 

<213> Escherichia coli 

20 

<223> is-lactamase TEM-1 gene (complementary strand) 
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SEQUENCE LISTING 

<110> Universite Liege 
5 <120> Hybrid proteins of ^-lactamase class A 1 | q 2 2 004 

<130> BER21162 



25 



30 



35 



^^Lta atcaatgagg cacctatctc agcgatctgt ctatttcgtt catccatagt 60 

»sssS 25=2 SS 
Sill 5 5SSSS 535= 5= 5S=S £ 

Ss s5= 5=5 SSI S5 iiil £ 

tagctccttc ggtcctccga Jcgttgtcag ugMg^ ^J^L gct tttctgt 540 

S2SK = - 2=5= =5= - 

ZSSSEZ cgSStcgg gg^aaaaS ctcaaggaJc tLccgctgt fcgagatccag 720 
tKaKtaa cScactcgJg caclcaactg atcttcagca tettttactt tcaccagcgt 780 
"Sgggtgt gcaaaaaJag gaaggcaaaa tgccgcaaaa aagggaataa gggcgacacg 840 
gaaatgttga atactcat 



40 



<210> 2 
<211> 921 
<212> DNA 

<213> Bacillus licheniformis 
<220> 

<223> is-lactamase BlaP gene 



50 <400> 2 

atgaaattat ggttcagtac tttaaaactg 
tgcgtcgcgc ttgcaggatg cgctaacaat 
aatgaaaaga cggagatgaa agatgatttt 
ctcgggatct ttgcattgga tacaggtaca 

55 cgttttgctt ttgcttcgac gattaaggct 
tcaatagaag atctgaacca gagaataaca 
ccgattacgg aaaagcacgt tgatacggga 
cttcgatata gtgacaatgc ggcacagaat 
agtttgaaaa aggaactgag gaagattggt 



aaaaaggctg cagcagtgtt gcttttctct 60 
caaacgaatg cctcgcaacc tgccgagaag 120 
gcaaaacttg aggaacaatt tgatgcaaaa 180 
aaccggacgg tagcgtatcg gccggatgag 240 
ttaactgtag gcgtgctttt gcaacagaaa 3 00 
tatacacgtg atgatcttgt aaactacaac 3 60 
atgacgctca aagagcttgc ggatgcttcg 420 
ctcattctta aacaaattgg cggacctgaa 48 0 
gatgaggtta caaatcccga acgattcgaa 540 
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gtxss zsssz ssss: ::i:? 9 t ^ gcactt 600 

ttaatcgltt gga?gaaacg aKSccEJ S??? aCtt 66 ° 

gacggttggg aagtggctga taaaactgga gcggSat aKaaa^™ Cgg * gt 9 cc 9 72 ° 
gccatcattt ggccgccaaa aggagatSct gt^ttcttg SSSte ;!* tSBCatt 780 
aaaaaggacg ccaagtatga tgataaactt attgcagag? cScIaaSt * agCagggat 840 
gccttaaaca tgaacggcaa a *9agg caacaaaggt ggtaatgaaa 900 



10 <210> 3 
<211> 975 
<212> DNA 

<213> Streptomyces cacaoi 

is <220> 

<223> is-lactamase BlaL gene 

<400> 3 

20 



Sg^ggtgg cctgcggSI ggSt™ t^ 0 " tCgCg ~ gct cgccctcgtt 60 
ggttg?LgI cga^Sc! Sgc^^g ^SSS CggCCtCggC 120 

gagaagaagt tcgacgccca ccctggcqtc a ^aggagtt ccgggcgctg 180 

atcacccacc ggjccgacga gcgcS^c acl 1 CggCCagga * 24 ° 

ggcgcgatcc ttgcgcaagt tctccoaaac oaoXX ccttcaaggc cctccaggcg 3 00 

gacggcatgg acfaggtgS SS^ 5£Sg£Z SSSS T^ 9 ^ 36 ° 
accgagaagc acgtcgcgga cggcatcrtcc etlo^ff , tc f gcccaa ctcaccggtg 420 
tacagcgaca aclccgcgc cScct?^ £5S£ SJSSS Sa^T 0 48 ° 
acgcgggtcc tcaagcagct cggcgaccac accL^ ^cggcggccg aaggggctca 540 
ctgggctcgg ccgtccclgg cgacccccgg gJcaccSca Sa?^ ^caggag 600 
gacctgcgcg ccttcqccot cLaJo^ 3acaccagca cgccgcgcgc gttcgccgag 660 

SEES SS5S =~ SSI iiSS ~ 

gacatcgccg tcgtccgccc gcccggccg? gcgccgSg SJSSS S"" 0 84 ° 
ggcgacaccc aggacgccga gccgcacaL "^tctcggt gatgagccac 900 

35 gccgacggtc tgaag ^ cc 9r c acgac gagctggtgg ccgaggccgg cctcgtcgtc 960 



25 



30 



<210> 4 
<211> 286 
40 <212> PRT 

<213> Escherichia coli 

<220> 

<223> S- lactamase TEM-l 



45 



<400> 4 



Met Ser lie Gin His Phe Arg Val Ala Leu He Pro Phe Phe Ala Ala 

5 " 15 

so Phe cys Leu Pro Val Phe Ala His Pro Glu Thr Leu Val Lys Val Lys 

25 30 

Asp Ala Glu Asp Gin Leu Gly Ala Arg Val Gly Tyr He Glu Leu Asp 

40 ac * 

55 45 

L6U % S S ^ Gly LyS 116 L ^ Glu Phe Arg Pro Glu Glu Arg Phe 

55 60 

Pro Met Met Ser Thr Phe Lys Val Leu Leu Cys Gly Ala Val Leu Ser 
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65 

Arg Val Asp Ala Gly Gin Glu Gin Leu Gly Arg Arg He His Tyr Ser 
85 

5 



Gin Asn Asp Leu Val Glu Tyr Ser Pro Val Thr Glu Lys His Leu Thr 

100 105 
Asp Gly Met Thr Val Arg Glu Leu Cys Ser Ala Ala lie Thr Met Ser 
10 115 120 

Thr Ala Ala Asn Leu Leu Leu Thr Thr He Gly Gly Pro Lys 



120 125 

Asp Asn Thr Ala Aia Leu — -— 

130 135 

is Glu Leu Thr Ala Phe Leu His Asn Met Gly Asp His Val Thr Arg Leu 

150 i;>i> 



145 



Asp Arg Trp Glu Pro Glu Leu Asn Glu Ala He Pro Asn Asp Glu Arg 
165 1/u 

Asp Thr Thr Met Pro Ala Ala Met Ala Thr Thr Leu Arg Lys Leu Leu 

180 185 
Thr Gly Glu Leu Leu Thr Leu Ala Ser Arg Gin Gin Leu He Asp Trp 



25 195 200 



Met Glu Ala Asp Lys Val Ala Gly Pro Leu Leu Arg Ser Ala Leu Pro 



210 



215 



so Ala Gly Trp Phe He Ala Asp Lys Ser Gly Ala Gly Glu Arg Gly Ser 
225 230 235 

Gly Pro Asp Gly Lys Pro Ser Arg He 



Arg Gly He He Ala Ala Leu Gly Pro Asp *±y uy » — — ~= 



245 250 



35 



Val Val He Tyr Thr Thr Gly Ser Gin Ala Thr Met Asp Glu Arg Asn 
260 265 

Arg Gin He Ala Glu He Gly Ala Ser Leu He Lys His Trp 
40 275 280 



<210> 5 
<211> 307 
45 <212> PRT 

<213> Bacillus lichenif ormis 

<220> 

<223> £- lactamase BlaP 

50 

Met°Lys Leu Trp Phe Ser Thr Leu Lys Leu Lys Lys Ala Ala Ala Val 



55 Leu Leu 



Phe Ser Cys Val Ala Leu Ala Gly Cys Ala Asn Asn Gin Thr 



20 



25 



Asn Ala Ser 
35 



Gin Pro Ala Glu Lys Asn Glu Lys Thr Glu Met Lys Asp 
40 45 
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Asp Phe Ala Lys Leu Glu Glu Gin Phe Asp Ala Lys Leu Gly lie Phe 
50 55 60 

5 Ala Leu Asp Thr Gly Thr Asn Arg Thr Val Ala Tyr Arg Pro Asp Glu 
65 70 75 80 

Arg Phe Ala Phe Ala Ser Thr lie Lys Ala Leu Thr Val Gly Val Leu 
85 90 95 

10 

Leu Gin Gin Lys Ser He Glu Asp Leu Asn Gin Arg He Thr Tyr Thr 
100 105 110 

Arg Asp Asp Leu Val Asn Tyr Asn Pro He Thr Glu Lys His Val Asp 
15 115 120 125 

Thr Gly Met Thr Leu Lys Glu Leu Ala Asp Ala Ser Leu Arg Tyr Ser 
130 135 140 

20 Asp Asn Ala Ala Gin Asn Leu lie Leu Lys Gin He Gly Gly Pro Glu 
145 150 155 160 

Ser Leu Lys Lys Glu Leu Arg Lys He Gly Asp Glu Val Thr Asn Pro 
165 170 175 

25 

Glu Arg Phe Glu Pro Glu Leu Asn Glu Val Asn Pro Gly Glu Thr Gin 
180 185 190 

Asp Thr Ser Thr Ala Arg Ala Leu Val Thr Ser Leu Arg Ala Phe Ala 
30 195 200 205 

Leu Glu Asp Lys Leu Pro Ser Glu Lys Arg Glu Leu Leu He Asp Trp 
210 215 220 

3 5 Met Lys Arg Asn Thr Thr Gly Asp Ala Leu He Arg Ala Gly Val Pro 
225 230 235 240 

Asp Gly Trp Glu Val Ala Asp Lys Thr Gly Ala Ala Ser Tyr Gly Thr 
245 250 255 

40 

Arg Asn Asp He Ala He He Trp Pro Pro Lys Gly Asp Pro Val Val 
260 265 270 

Leu Ala Val Leu Ser Ser Arg Asp Lys Lys Asp Ala Lys Tyr Asp Asp 
45 275 280 285 

Lys Leu He Ala Glu Ala Thr Lys Val Val Met Lys Ala Leu Asn Met 
290 295 300 

50 Asn Gly Lys 
305 



<210> 6 
55 <211> 325 
<212> PRT 

<213> Streptomyces cacaoi 



<220> 
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<223> E-lactamase BlaL 

Met^rg lie Arg Pro Thr Arg Arg Leu Leu Leu Gly Ala Val Ala Pro 



I.eu Ala Leu Val Pro Leu Val Ala Cys Gly Gin Ala Ser Gly Ser Glu 
20 25 

io Ser Gly Gin Gin Pro Gly Leu Gly Gly Cys Gly Thr Ser Ala His Gly 
35 40 
Ser Ala Asp Ala His Glu Lys Glu Phe Arg Ala Leu Glu Lys Lys Phe 
50 55 
15 asp Ala His Pro Gly Val Tyr Ala Xle Asp Thr Arg Asp Gly Gin Glu 
65 70 
lie Thr His Arg Ala Asp Glu Arg Phe Ala Tyr Gly Ser Thr Phe Lys 



20 



85 



90 



Ala Leu Gin Ala Gly Ala He Leu Ala Gin Val Leu Arg Asp Gly Arg 



100 



105 



25 Glu val Arg Arg Gly Ala Glu Ala Asp Gly Met: Asp Lys Val Val His 
115 120 
Tyr Gly Gin Asp Ala He Leu Pro Asn Ser Pro Val Thr Glu Lys His 



130 



135 



30 val Ala Asp Gly Met Ser Leu Arg Glu Leu Cys Asp Ala Val Val Ala 



150 



145 

Tyr Ser Asp Asn Thr Ala Ala Asn Leu Leu Phe Asp Gin Leu Gly Gly 
165 170 

Arg Arg Gly Ser Thr Arg Val Leu Lys Gin Leu Gly Asp His Thr Thr 
180 185 

40 ser Met Asp Arg Tyr Glu Gin Glu Leu Gly Ser Ala Val Pro Gly Asp 
195 200 
Pro Arg Asp Thr Ser Thr Pro Arg Ala Phe Ala Glu Asp Leu Arg Ala 



215 



220 



210 

45 Phe Ala Val Glu Asp Gly Glu Lys Ala Ala Leu Ala Pro Asn Asp Arg 

225 



230 235 



Glu Gin Leu Asn Asp Trp Met Ser Gly Ser Arg Thr Gly Asp Ala Leu 



50 



245 



250 



He Arg Ala Gly Val Pro Lys Asp Trp Lys Val Glu Asp Lys Ser Gly 
260 265 
55 Gin val Lys Tyr Gly Thr Arg Asn Asp He Ala Val Val Arg Pro Pro 
275 280 
Gly Arg Ala Pro He Val Val Ser Val Met Ser His Gly Asp Thr Gin 



290 



295 
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Asp Ala Glu Pro His Asp Glu Leu Val Ala Glu Ala Gly Leu Val Val 

310 315 320 

5 Ala Asp Gly Leu Lys 

325 

<210> 7 
10 <2ll> 36 
<212> DNA 

<213> Artificial Sequence 



<220> 

is <223> Description of Artificial Sequence : primer 
<400> 7 

tcagttaaca atttcaacaa agaacaacaa aatgct 



36 



20 



25 



30 



<210> 8 
<211> 30 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: primer 
<400> 8 

tcgaaatttt ttgttgtctt cctcttttgg 



30 



<210> 9 
<211> 33 
35 <212> DNA 

<213> Artificial Sequence 



<220> 

40 



33 



<223> Description of Artificial Sequence: primer 
<400> 9 

catatgaaaa agaaaaacat ttattcaatt cgt 

45 <210> 10 
<211> 33 
<212> DNA 

<213> Artificial Sequence 
so <220> 

<223> Description of Artificial Sequence: primer 
<400> 10 

^ ggatccttat agttcgcgac gacgtccagc taa 



<210> 11 
<211> 32 
<212> DNA 
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<213> Artificial Sequence 



<220> 

<223> Description of Artificial Sequence: primer 



<400> 11 

cgggagctca ggctcaccca gaaacgctgg tg 



10 <210> 12 
<211> 36 
<212> DNA 
<213> Artificial 



Sequence 



<223> Description of Artificial Sequence: primer 
<400> 12 

cgggaattct caccaatgct taatcagtga ggcacc 



<210> 13 
<211> 39 
<212> DNA 
25 <213> Artificial Sequence 



<220> 

<223> Description of Artificial Sequence: primer 

30 <400> 13 

ggctgtactt acaaattaat ccttaatggt aaaacattg 



<210> 14 
35 <211> 33 
<212> DNA 

<213> Artificial Sequence 



40 



45 



50 



<220> 

<223> Description of Artificial Sequence: primer 
<4 0 0> 14 

ctctctttca gttaccgtaa aggtcttagt cgc 



<210> 15 
<211> 39 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: primer 



<400> 15 

55 aggttttatc catacgacgt cccggactac gccacaact 



<210> 16 
<211> 39 
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<212> DNA 

<213> Artificial Sequence 
<220> 

5 <223> Description of Artificial Sequence: primer 
<400> 16 

agttgtggcg tagtccggga cgtcgtatgg ataaaacct 



39 



10 



15 



<210> 17 
<211> 30 
<212> DNA 

<213> Artificial Sequence 



<220> 

<223> Description of Artificial Sequence: primer 
<400> 17 

20 ctcgagaaaa gaaatttggt gaatttccac 

<210> 18 
<211> 30 
25 <212> DNA 

<213> Artificial Sequence 

<220> 

<223> Description of Artificial Sequence: primer 
<400> 18 

gcaacgtgga gtgctccctc tgcagtgttt 



30 



30 



30 



35 <210> 19 
<211> 90 
<212> DNA 

<213> Artificial Sequence 
40 <220> 

<223> Description of Artificial Sequence: primer 
<400> 19 

- ™£I otcot9 ° gco 39aMOttot °* a9ct30 " 



<210> 20 
<211> 90 
50 <212> DNA 

<213> Artificial Sequence 



55 



<220> 

<223> Description of Artificial Sequence: primer 
<400> 20 

SSSSE tSSZS ££££ aa9ca9c " 9 a9 " 9t "== ««— * « 
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<210> 21 
<211> 54 
<212> DNA 
5 <213> Esclierichia coli 

<220> 

<223> STa, heat-stable enterotoxin 



10 aacacgtttt actgctgcga actttgctgc aacccagcat gcgcaggttg ctac 54 



<210> 22 
15 <211> 18 
<212> PRT 

<213> Escherichia coli 



20 



25 



<220> 

<223> STa, heat-stable enterotoxin 

Isn^fphe Tyr Cys Cys Glu Leu Cys Cys Asn Pro Ala Cys Ala Gly 
x 5 10 

Cys Tyr 



30 <210> 23 
<211> 201 
<212> DNA 

<213> Staphylococcus aureus 
35 <220> 

<223> Protein A, one Fc binding domain 
<400> 23 



tcaSgaaca atttcaacaa agaacaacaa aatgctttct atgaaatttt acat tacct 60 
4 o aaStaactg aagaacaacg taacggcttc atccaaagcc ttaaagacga tccttcagtg 120 
agSaaaSaa ttltagcaga agctaaaaag ctaaacgatg ctcaagcacc aaaagaggaa 180 
gacaacaaga aaaaatttcg a 



45 <210> 24 
<211> 67 
<212> PRT 

<213> Staphylococcus aureus 
50 <220> 

<223> Protein A, one Fc binding domain 

Ser°vaf Asn Asn Phe Asn Lys Glu Gin Gin Asn Ala Phe Tyr Glu He 
55 1 5 10 15 

Leu His Leu Pro Asn Leu Thr Glu Glu Gin Arg Asn Gly Phe Xle Gin 
20 25 *V 
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Ser Leu Lys Asp Asp Pro Ser Val Ser Lys Glu lie Leu Ala Glu Ala 
35 40 45 

Lys Lys Leu Asn Asp Ala Gin Ala Pro Lys Glu Glu Asp Asn Lys Lys 
5 50 55 60 



Lys Phe Arg 
65 



<210> 25 

<211> 375 

<212> DNA 

<213> Staphylococcus aureus 
<220> 

<223> Protein A, two Fc binding domains 



<400> 25 

20 tcagtgaaca atttcaacaa agaacaacaa 
aacttgaacg aagaacaacg caatggtttc 
agtgctaacc ttttagcaga agctaaaaag 
aacaatttca acaaagaaca acaaaatgct 
actgaagaac aacgtaacgg cttcatccaa 

25 gaaattttag cagaagctaa aaagctaaac 
aagaaaaaat ttcga 



aatgctttct atgaaatctt gaacatgcct 6 0 
atccaaagct taaaagatga cccaagtcaa 120 
ttaaatgaat ctcaagcacc gaaagctgat 180 
ttctatgaaa ttttacattt acctaactta 24 0 
agccttaaag acgatccttc agtgagcaaa 3 00 
gatgctcaag caccaaaaga ggaagacaac 360 

375 



<210> 26 
30 <211> 125 
<212> PRT 

<213> Staphylococcus aureus 
<220> 

35 <223> Protein A, two Fc binding domains 
<400> 26 

Ser Val Asn Asn Phe Asn Lys Glu Gin Gin Asn Ala Phe Tyr Glu lie 
15 10 15 

40 

Leu Asn Met Pro Asn Leu Asn Glu Glu Gin Arg Asn Gly Phe He Gin 
20 25 30 

Ser Leu Lys Asp Asp Pro Ser Gin Ser Ala Asn Leu Leu Ala Glu Ala 
45 35 40 45 

Lys Lys Leu Asn Glu Ser Gin Ala Pro Lys Ala Asp Asn Asn Phe Asn 
50 55 60 

so Lys Glu Gin Gin Asn Ala Phe Tyr Glu He Leu His Leu Pro Asn Leu 
65 70 75 80 

Thr Glu Glu Gin Arg Asn Gly Phe He Gin Ser Leu Lys Asp Asp Pro 
85 90 95 

55 

Ser Val Ser Lys Glu He Leu Ala Glu Ala Lys Lys Leu Asn Asp Ala 
100 105 110 



Gin Ala Pro Lys Glu Glu Asp Asn Lys Lys Lys Phe Arg 
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115 



120 125 



<210> 27 
5 <211> 177 
<212> DNA 

<213> Streptococcus pyogenes 
<220> 

io <223> Protein G, one Fc binding domain 
<400> 27 



gg c2gtactt acaaattaat ccttaatggt aaaacattga aaggccaaac aactactgaa 60 
actgttgatg ctgctactgc agaaaaagtc ttcaaacaat acgctaacga caacggtgtt 120 
is gacggtgaa? gglcttacga cgatgcgact aagaccttta cggtaactga aagagaa 177 



<210> 28 
<211> 59 
20 <212> PRT 

<213> Streptococcus pyogenes 

<220> . 

<223> Protein G, one Fc binding domain 

25 



G ly°?ys 8 Thr Tyr Lys Leu He Leu Asn Gly Lys Thr Leu Lys Gly Gin 
30 Thr Thr Thr Glu Ala Val Asp Ala Ala Thr Ala Glu Lys Val Phe Lys 



20 25 



Gin Tyr Ala Asn Asp Asn Gly Val Asp Gly Glu Trp Thr Tyr Asp Asp 



35 



35 



Ala Thr Lys Thr Phe Thr Val Thr Glu Arg Glu 
50 55 



40 <210> 29 
<211> 387 
<212> DNA 

<213> Streptococcus pyogenes 

45 <220> . 

<223> Protein G, two Fc binding domains 

<400> 29 



qgc!!gtactt acaaattaat ccttaatggt aaaacattga aaggccaaac aactactgaa 60 
gctStgatg ctgctactgc agaaaaagtc ttcaaacaat acgctaacga caacggtgtt 120 
9 9 l„7il oaacttacaa ccratgcgact aagaccttta cagttactga aaaaccagaa 18 0 
S'ctgaa?: aacacclgcc gtgacaactt acaaacttgt tattaatggt 240 
aaaacaSgl alggcgaaac aactactaaa gcagtagacg cagaaactgc agaaaaagcc 300 
ttcaaacaat acgctaacga caacggtgtt gatggtgttt ggacttatga tgatgcgact 360 
55 aagaccttta cggtaactga aagagag 



<210> 30 
<211> 129 
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<212> PRT 

<213> Streptococcus pyogenes 
<220> 

5 <223> Protein G, two Fc binding domains 
<400> 30 

Gly Cys Thr Tyr Lys Leu lie Leu Asn Gly Lys Thr Leu Lys Gly Gin 

10 15 

Thr Thr Thr Glu Ala Val Asp Ala Ala Thr Ala Glu Lys Val Phe Lys 
20 25 30 

Gin Tyr Ala Asn Asp Asn Gly Val Asp Gly Glu Trp Thr Tyr Asp Asp 
15 35 40 45 

Ala Thr Lys Thr Phe Thr Val Thr Glu Lys Pro Glu Val He Asp Ala 

55 60 

20 Ser Glu Leu Thr Pro Ala Val Thr Thr Tyr Lys Leu Val He Asn Gly 

70 -7ir 

75 80 



Lys Thr Leu Lys Gly Glu Thr Thr Thr Lys Ala Val Asp Ala Glu 



85 



25 



90 



Thr 



95 



Ala Glu Lys Ala Phe Lys Gin Tyr Ala Asn Asp Asn Gly Val Asp Gly 

^ Val Trp Thr Tyr Asp Asp Ala Thr Lys Thr Phe Thr Val Thr Glu Arg 

120 125 

Glu 



<210> 31 
<211> 39 
<212> DNA 

<213> Influenza virus 
<220> 

<223> hemagglutinin epitope 
<400> 31 

aggttttatc catacgacgt cccggactac gccacaact 



<210> 32 
<211> 13 
50 <212> PRT 

<213> Influenza virus 

<220> 

<223> Hemagglutinin epitope 

55 

<400> 32 

Arg Phe Tyr Pro Tyr Asp Val Pro Asp Tyr Ala Thr Thr 
1 5 10 
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<210> 33 
<211> 384 
<212> DNA 
5 <213> Homo sapiens 

<220> 

<223> phospholipase (hPLA2) 

10 <400> 33 

ctcgagaaaa gaaatttggt gaatttccac 
gccgcactca gttatggctt ctacggctgc 
aaggatgcaa cggatcgctg ctgtgtcact 
cgtggatgtg gcaccaaatt tctgagctac 

is tgtgcaaaac aggactcctg cagaagtcaa 
tgttttgcta gaaacaagac gacctacaat 
tgcagaggga gcactccacg ttgc 



agaatgatca agttgacgac aggaaaggaa 60 
cactgtggcg tgggtggcag aggatccccc 120 
catgactgtt gctacaaacg tctggagaaa 18 0 
aagtttagca actcggggag cagaatcacc 240 
ctgtgtgagt gtgataaggc tgctgccacc 3 00 
aaaaagfcacc agtactattc caataaacac 360 

384 



20 <210> 34 
<211> 128 
<212> PRT 

<213> Homo sapiens 

25 <220> 

<223> phospholipase (hPIiA2) 

iiu°Glu 4 Lys Arg Asn Leu Val Asn Phe His Arg Met He Lys Leu Thr 
30 1 5 10 15 

Thr Gly Lys Glu Ala Ala Leu Ser Tyr Gly Phe Tyr Gly Cys His Cys 
20 25 30 

35 Gly Val Gly Gly Arg Gly Ser Pro Lys Asp Ala Thr Asp Arg Cys Cys 
35 40 45 

Val Thr His Asp Cys Cys Tyr Lys Arg Leu Glu Lys Arg Gly Cys Gly 
50 55 60 

40 Thr Lys Phe Leu Ser Tyr Lys Phe Ser Asn Ser Gly Ser Arg He Thr 
65 70 75 80 



45 



Cvs Ala Lys Gin Asp Ser Cys Arg Ser Gin Leu Cys Glu Cys Asp Lys 
85 90 95 

Ala Ala Ala Thr Cys Phe Ala Arg Asn Lys Thr Thr Tyr Asn Lys Lys 
100 105 HO 

so Tyr Gin Tyr Tyr Ser Asn Lys His Cys Arg Gly Ser Thr Pro Arg Cys 
115 120 125 



55 



<210> 35 
<211> 90 
<212> DNA 
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<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: affinity to 
LPS 



<400> 35 

ccgatcatca aacttctcaa gctgcttaaa ctcctgcgcc ggaaacttct caagctgctt 60 
aaactcctgc cggatcagga gtttaagcag 9 9 c JJ 

<210> 36 
<211> 30 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Description of Artificial Sequence: affinity to 
LPS 

<400> 36 

Pro lie He Lys Leu Leu Lys Leu Leu Lys Leu Leu Arg Arg Lys Leu 
1 5 10 15 

Leu Lys Leu Leu Lys Leu Leu Pro Asp Gin Glu Phe Lys Gin 
20 25 3 0 



